OBJECTIVE. Low-dose dexamethasone facilitates extubation in chronically ventilatordependent infants with no obvious short-term complications. The objective of this study was to determine the long-term effects of low-dose dexamethasone.
C ORTICOSTEROID TREATMENT OF ventilator-dependent very preterm infants facilitates extubation and reduces the rate of bronchopulmonary dysplasia. [1] [2] [3] Studies of the long-term neurodevelopmental effects of corticosteroids are inconsistent. Some have shown a higher rate of cerebral palsy, [4] [5] [6] some no difference, 7 and 1 study even suggested long-term benefits at 15 years of age. 8 The DART study was an international multicenter randomized, controlled trial with the main aim to assess the effects of low-dose dexamethasone on long-term survival free of major neurologic disability. However, enrollment had to stop when recruitment fell to a rate that was too low to complete the study. 9 The aim of this report was to examine the long-term effects, especially neurologic, of low-dose dexamethasone, given after the first week of life, in ventilatordependent, very preterm/extremely low birth weight (ELBW) infants.
METHODS
Very preterm (Ͻ28 weeks' gestation) or ELBW (birth weight Ͻ1000 g) infants who were ventilator dependent after the first week of life (Ͼ168 hours of age) and in whom the clinician considered corticosteroids were a treatment option were eligible for the study. As described in the original report, 9 there were no standardized oxygen or ventilation criteria for entry to the study. After written informed consent, infants were allocated randomly to receive either a 10-day tapering course of dexamethasone sodium phosphate (0.89 mg/kg total) or an equivalent volume of 0.9% saline placebo. Full details of the exclusion criteria, randomization, and method of giving the drug were described in the report of the short-term effects during the primary hospitalization of low-dose dexamethasone. 9 The study, including the follow-up component, was approved first by the Research and Ethics Committee at the Royal Women's Hospital, Melbourne, and subsequently by the equivalent committees at each participating center.
Surviving children were assessed at 2 years of age, corrected for prematurity, by developmental pediatricians and psychologists masked to treatment group. The pediatric assessment included a medical history and a neurologic examination to determine outcomes such as cerebral palsy, defined as loss of motor function associated with definite abnormalities of muscle tone and reflexes. Children were assessed for blindness and deafness earlier in childhood; those not assessed who had problems with vision and hearing at the 2-year assessment were referred for a full assessment. Blindness was defined as visual acuity in both eyes worse than 6/60. Deafness was defined as hearing loss requiring amplification or worse. The psychological assessment included the mental developmental index (MDI) and psychomotor developmental index (PDI) of the Bayley Scales of Infant Development-Second Edition. 10 Children unable to complete psychological tests because of severe developmental delay were assigned MDI or PDI scores of 49. A child was considered to have developmental delay if the MDI score was Ͻ85.
Children were considered to have a neurosensory impairment if they had cerebral palsy, blindness, deafness, or an MDI score Ͻ85. The severity of the neurosensory disability imposed by the impairment was graded as follows: Severe, bilateral blindness, or cerebral palsy with the child unlikely ever to walk, or an MDI score Ͻ55; moderate, deafness or cerebral palsy in children not walking at 2 years but expected to walk or an MDI score from 55 to Ͻ70; and mild, cerebral palsy but walking at 2 years with only minimal limitation of movement or an MDI score 70 to Ͻ85. The remaining children were considered to have no neurosensory disability. Major neurosensory disability comprised any of blindness, deafness, cerebral palsy in a child who was not walking at 2 years of age, or an MDI score Ͻ70; this is equivalent to combining severe and moderate disability, as defined above. For children not fully assessed at 2 years of age, we accepted the results of complete neuropsychological assessments at the age of at least 1 year if they were clearly neurologically normal or abnormal, including the results of alternative developmental tests.
Blood pressure was measured, as were weight, length, and head-circumference. BMI was calculated
, and all growth measurements were converted to SD scores relative to the British Growth Reference. 11 Data on the number of hospital readmissions and their duration, and the duration of oxygen therapy at home, if appropriate, were recorded.
The sample-size calculation for the original trial was based on detecting an improvement in survival free of major neurosensory disability from 50% to 60%, with a 2-sided type I error rate of 5% and 80% power, and it required 814 infants to be recruited.
Analysis was on an intention-to-treat basis and followed standard principles for randomized trials. Outcome comparisons based on dichotomous end points were assessed by 2 test or Fisher's exact test where expected cell frequencies were Ͻ5. Continuous variables were compared by t test or by Mann-Whitney U test where the data were strongly skewed. Data were analyzed by using Stata 9.1. 12
RESULTS
The first infant was recruited into the DART study in March 2000. Recruitment ceased in October 2002, after 70 infants were recruited from 11 centers in 3 countries. Details of why the study was stopped have been reported. 9 The infants were very high risk, with a median gestational age of 25 completed weeks and a median birth weight of 680 g. The median age at entry to the study was in the fourth week of life in both groups. The perinatal characteristics and degree of assisted ventila-tion of the 2 groups as randomized were comparable, as previously reported. 9 The perinatal characteristics of the 2 groups who were followed were similar (Table 1) , and there was little difference from the cohorts as randomized.
There was no clearcut difference in the mortality rate to 2 years old between the groups (Table 2 ; odds ratio: 0.52; 95% confidence limits [CLs] : 0.14, 1.95; P ϭ .32). Of the 11 infants who died, 3 died during the first 10-day course of the DART study, 5 died after the 10-day course but before discharge, and 3 died after discharge home. Causes of death have been reported. 9 Only 1 of the 59 children was completely lost to follow-up, but data on 2 other children were insufficient to determine the major neurosensory outcomes. Ninetyfive percent (56 of 59) were assessed for the major neurosensory outcome of cerebral palsy and 93% (55 of 59) for the outcome of major disability. There were no substantial differences between the groups in the follow-up rates or ages of assessment (Table 2) . Two children were assessed at 1 year of age, and another at 17 months of age; the remaining children were assessed closer to or beyond 2 years of age.
In the 56 children with cerebral palsy data, not all were able to complete all assessments ( Table 2) . As was expected with the small numbers, there were no significant differences between the groups in the rate or severity of cerebral palsy, or the rates of blindness, deafness or developmental delay ( Table 2 ). The mean MDI and PDI scores were similar, with or without children who could not be formally tested because of severe developmental delay ( Table 2) . Rates of neurosensory disability were similar in the 2 groups ( Table 2 ). The combined rates of death or cerebral palsy or death or major disability were not substantially different between the 2 groups ( Table 2 ).
There were some children assessed who had missing data for growth and hospital readmissions, but there were more missing data for blood pressure (Table 3 ). In those with data, weight, height, and head-circumference SD scores were all substantially below 0 but not different between the treatment groups, as were the BMI and BMI SD scores (Table 3 ). There were no substantial differences between the groups in blood pressure or in the number or durations of hospital readmissions. In those discharged from the hospital on oxygen, the ages of stopping oxygen were similar.
DISCUSSION
Low-dose dexamethasone after the first week of life was associated with no obvious long-term harm related to neurosensory outcome, growth, blood pressure, or hospital readmissions. Clearly, however, the chance of finding substantial harmful effects was low, given that the study had to be abandoned with Ͻ10% of the target sample size recruited. Interestingly, low-dose dexamethasone was not associated with an increase in any of the short-term complications associated with higher doses or earlier courses of dexamethasone, such as gastrointestinal hemorrhage or intestinal perforation, and there were no obvious short-term effects on blood glucose or blood pressure. 9 Although some other studies have reported higher rates of cerebral palsy, and there is clearly a higher rate of cerebral palsy in all studies overall, the increase is largely in studies where treatment started early, in the first week of life, and not later. 7 There was a small reduction in the dexamethasone group in the change in weight over the 10 days of treatment of marginal clinical importance 9 ; however, this did not translate into substantial long-term growth effects at hospital discharge 9 or at 2 years of age, as seen in our study.
The major weakness of our study is the small sample size. However, the DART study is larger than 14 of the 20 other studies with long-term outcome data, and it contributes to the collective knowledge about long-term effects of corticosteroids. In addition, in common with other multicenter studies, it was not always possible to have all surviving children assessed as formally as desirable, and even in those assessed not all outcomes were obtained. All but 1 child was seen at follow-up, but not all of those seen could have the major neurosensory outcomes determined. Two-year-old children can be difficult to assess, and some measurements, such as blood pressure, cannot be obtained reliably from an uncooperative child.
The major strength of the study is the high follow-up rate; follow-up rates for long-term studies Ͼ90% are desirable. In addition, all outcomes were assessed blinded to treatment group allocation, eliminating any possibility of expectation bias, and survivors had standard developmental assessments where possible, eliminating any diagnostic suspicion bias.
The high rates of cerebral palsy reported from some randomized, controlled trials of postnatal corticosteroids in the late 1990s were the major reason for the warnings concerning dexamethasone use in very preterm infants. [13] [14] [15] However, the higher rate of cerebral palsy is largely confined to randomized, controlled trials where treatment was started in the first week of life 7 ; the rate of the combined end point of either death or cerebral palsy in those who were randomly assigned when treatment was started after the first week of life was neutral (typical relative risk: 0.99; 95% CLs: 0.81, 1.21). In the DART study, where treatment also started after the first week of life, the rate of death or cerebral palsy was lower in the corticosteroid group. A systematic review demonstrated that the risk of the combined outcome of death or cerebral palsy varies with the baseline risk of chronic lung disease in the control group. 7 For every 10% that the rate of chronic lung disease (CLD) increased in the control group, it was estimated in a meta-regression analysis that the risk difference for death or cerebral palsy fell by 3.8% (95% CLs: 1.4%, 6.2%; P ϭ .002), according to the relationship: Y ϭ 18.7Ϫ0.38X, where Y ϭ risk difference (%) for death or cerebral palsy, and X ϭ rate (%) of CLD in those who were randomly assigned to the control group. The infants in the DART study had a very high rate of CLD, being 83% among all randomly assigned to the control group. Substituting X ϭ 83% in the estimated meta-regression equation gives an expected value of Y ϭ Ϫ12.8%, meaning that a 12.8% reduction in the combined rate of death or cerebral palsy would be expected. The observed reduction of 14.3% in the DART study, therefore, was consistent with the expected value. The DART study provided the first evidence that a low dose of dexamethasone after the first week of life in chronically ventilator-dependent infants has short-term benefits, such as facilitating extubation and improving lung function, without short-term complications associated with higher doses. 9 The follow-up phase of the DART study suggests that low-dose dexamethasone in these infants may have short-term benefits without substantially increasing the risk of long-term neurologic disability. However, we still await the definitive trial of such therapy with enough power to give a clearcut answer to help clinicians in their current uncertainty in the care of chronically ventilator-dependent infants.
